Percutaneous tracheostomy (PT) has gained increasing popularity since the description of the Ciaglia technique in 1985 1 . It is one of the most commonly performed procedures in critically ill patients requiring long-term mechanical ventilation and it continues to replace conventional surgical tracheostomy as the procedure of choice in intubated patients 2, 3 . Despite its clinical simplicity and safety, obese patients with large, thick necks are considered poor candidates for PT and are commonly referred for surgical tracheostomy placement, and are even considered as a relative contraindication because of unidentifiable neck anatomy 2, 4, 5 .
With the increasing prevalence of obesity in the general population, it would be expected that an increasing portion of patients admitted to intensive care units (ICU) would be obese [6] [7] [8] . Few studies 4, [10] [11] [12] have evaluated the safety of PT in obese patients, most of which used bronchoscopic guidance. Only one case series has reported the safety of PT without bronchoscopic guidance 13 .
The routine use of bronchoscopy has been advocated as an adjunct to PT 10, 14 . However, bronchoscopy has risks as well, including decreased oxygenation and ventilation, particularly in patients with severe respiratory failure; loss of the airway has also been described 15, 16 . There is growing evidence supporting the fact that PT can be safely performed without bronchoscopic guidance 17 .
The objective of our study was to examine the safety and complications of PT without bronchoscopic guidance in obese patients. It is hoped that this study will provide additional insight on this important issue. Safety of percutaneous tracheostomy in obese critically ill patients: a prospective cohort study A. S. AlDAWOOD*, Y. M. ARABI †, S. HADDAD ‡ Intensive Care Unit, King Fahad Hospital, King Abdulaziz Medical City, Riyadh, Saudi Arabia SUMMARY Obesity has been described as a relative contraindication for percutaneous tracheostomy. The objective of our study was to examine the safety and complications of percutaneous tracheostomy in obese patients. We conducted a prospective cohort study of all consecutive patients who underwent percutaneous tracheostomy at a tertiary medical-surgical intensive care unit between May 2004 and October 2005. We compared percutaneous tracheostomy in obese patients (body mass index ≥30 kg/m²) to non-obese patients. We documented the occurrence of the following complications: aborting the procedure, accidental extubation, conversion to surgical tracheostomy, paratracheal placement, the development of pneumothorax, major bleeding (requiring blood product transfusion or surgical intervention) or death. We also documented hypoxia, minor bleeding (requiring pressure dressing or suturing), subcutaneous emphysema and transient hypotension. During the study period, 227 percutaneous tracheostomies were performed. There were 50 percutaneous tracheostomies in the obese group and 177 in the non-obese group. In 45 obese patients, percutaneous tracheostomy was performed without bronchoscopic guidance. Major complications were significantly higher in obese patients (12% vs. 2%, P=0.04), while the rate of minor complications was not significantly different between the two groups. There were no instances of death or pneumothorax, subcutaneous emphysema or need for surgical intervention during or in the postoperative period in either group. Our study suggests that percutaneous tracheostomy can be performed safely in the majority of obese patients.
METHODS

Setting
This prospective study was conducted in a 21-bed, medical-surgical ICU in an 800-bed tertiary care teaching hospital in Riyadh, Saudi Arabia. This ICU is a closed unit, run by in-house full-time board-certified intensivists, with more than 1000 admissions per year.
Patients
All consecutive patients who underwent PT between May 2004 and October 2005 were included.
Procedure
The first 29 PTs included in the study were performed using Griggs' technique (guide-wire dilating forceps) according to the methodology described elsewhere 19 . later, the Ciaglia 'single-step' dilation technique was introduced to our unit and the remaining PTs were performed using this technique. The PT procedures were routinely performed without bronchoscopic guidance. In selected cases, bronchoscopy was used upon the discretion of the treating intensivist. Contraindication to bedside PT included visible blood vessels in the operative field, unstable cervical spine, active cutaneous infection and age less than 16 years.
Each tracheostomy was attended by two physicians, one of whom at least was a critical care consultant. Before starting the procedure, sedation and muscle relaxation were achieved through the use of intravenous agents (midazolam, fentanyl, propofol and cisatracurium) at the discretion of the treating intensivist.
Measurements
Patients were prospectively identified as being obese (body mass index [BMI] ≥30 kg/m 2 ) or not obese (BMI <30 kg/m 2 ) and the latter formed the control group. The following data were collected: age, gender, Acute Physiology and Chronic Health Evaluation (APACHE) II score 19 , BMI calculated as weight (in kilograms)/height (in metres squared), the duration of mechanical ventilation prior to the tracheostomy and the coagulation profile on the day of the procedure including platelet count and International Normalised Ratio (INR).
The use of bronchoscopic guidance was documented. Complications of PT in both groups were monitored as per the definitions listed below. All patients were followed until ICU discharge or death.
Definition of complications
Complications were divided into major and minor. Major complications included aborting the procedure, accidental extubation, conversion to surgical tracheostomy, paratracheal placement, pneumothorax, major bleeding (requiring blood product transfusion or surgical intervention) or death. Minor complications included transient hypoxia (an increase in FiO 2 of >10% to achieve the pre-procedure oxygen saturation), minor bleeding (requiring pressure dressing or suturing), subcutaneous emphysema and transient hypotension.
Statistical analysis
Continuous data were expressed as median and interquartile range and compared using the Kruskal-Wallis test. Categorical data were expressed as a percentage and compared using the Chi square test or Fisher's exact test. Statistical significance was defined as alpha less than 0.05. Statistical analysis was performed using Minitab for Windows (release 13.1, Minitab inc, College, State, PA, U.S.A.). The study was approved by the Institutional Review Board.
RESUlTS
During the 18-month study period, 227 patients underwent PT, of whom 50 were obese (BMI >30). Table 1 shows the characteristics of the obese and non-obese patients who had PT. There were no statistically significant differences between the Complications Table 2 shows the complications in both groups. Major complications occurred more frequently in obese patients (6/50 vs. 4/177, P=0.04). These complications included three incidents of aborting the procedure, two accidental extubations and one paratracheal insertion. However, none of these complications resulted in death. There were no instances of pneumothorax or subcutaneous emphysema in either group. There were no significant differences in minor complications between the obese and non-obese patients.
DISCUSSION
Our study demonstrates that PT in obese patients can be performed safely in the majority of patients. However, there is a slight but significant increased risk of major complications when compared to non-obese patients. These major complications did not result in irreversible sequelae or mortality. Minor complications did not differ between the groups. The overall complication rate in the whole cohort (obese and non-obese) was 10%, which was similar to the reported complications rate of 3 to 17% 13, 20 . In our study, 50 of 227 (22%) patients undergoing PT were obese. This is consistent with a study on the percentage of obesity in critically ill patients 21 . Therefore, we believe that this group should not be excluded from PT because of the resource utilisation savings associated with this procedure when compared to surgical tracheostomy. literature about PT in obese patients is scant. Many PT studies excluded obese patients 5, 13 ; some considered obesity as a relative contraindication to the performance of the procedure 2, 4, 5 . Existing studies that examined the safety of PT in obese patients are summarised in Table 3 . Of note, these studies included small numbers of patients, had different study designs and different definitions of obesity and complications. Also, the use of bronchoscopic guidance was variable. These studies reported variable rates of complications ranging from 0 to 44%. No mortality was reported related to PT in obese patients. We believe that the variability in the complication rates is related to the above-mentioned factors. This includes the different definitions of complications. Additionally, retrospective studies may underestimate complication rates compared to prospective studies.
Whether bronchoscopy provides a significant advantage to treatment requires further study. Most recommendations are based on observational studies and expert opinions. To date, there is no multicentre randomised controlled trial comparing the safety of bronchoscopic and non-bronchoscopic-guided PT in high-risk patients such as those with obesity. Several studies 16, 17, [21] [22] [23] have demonstrated the safety of PT without bronchoscopic guidance.
Our study has several strengths. It included a large cohort of patients with prospective data collection, with clear definition of complications. This ICU is run under a closed system and is staffed mainly by Critical Care Board certified intensivists, which increases the homogeneity of clinical management. This ICU has a long-standing history of performing PT. However, it should be noted that as a potential limitation, the study was conducted at a single centre.
CONClUSION
Our study suggests that PT can be performed safely in the majority of obese patients. Depending on this, it might be possible to suggest that bronchoscopy is a safety issue either in a positive or negative sense. As it stands, data to make conclusive comments about this is not available at this time.
